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( Practical Astronomy in Ancient India)

The present work which 1s styled as sbove 1sa trauslation
and explenation into Marath: of the first three Chapters of the Surya
Siddhanta This Siddhanta has been widelv known and honoured
throughout India from very ancient tames and although there 1s no
other astronomical work which has a firmer hold on the Indian mnd,
there are comparatively only a few astronomers who are acquaimtad
with angd fewer stil]l who actually perform their ¢aleulations 1n accor-
dance wath 1t As almost everything here 1n India stands in a pibable
conditzon the study of the Surya Sidubanta 13 no exception to t. Who
knows how many ot how few there may he those who really have
mastered the principles uporn whick thoryles of the Surya Siddhanta
are based, and but for the frequent appeals to 13 as being the moat
anci®lt and authontative of the astromomical works now extant who
knows if enybody would have faken the troubles of translatng or
commenting upon 1t?

Apart from the exigencies not only of the reform of cur Calendar,
‘but also of having a cloge acquaintance with the astronomical progress
achieved by our zncient forsfathers = translation of the Siddkanta
18 & crying nocessity 1 have heard of an English translation of this
Siddhanta by the emunent Pandit Bapu Deva Shastr: of Bemares but it
has not been avallable to mo anywhere Sop the present translation s in
my view a matter not of apology but duty , and I have tried my best to
explain and enunciate the principles in order to mduce better braimms and
more active hands to carry the work to perfection

Now as I have gone through the work, I may assurs my readers
that 1ts value to the study of the ancient Indjan astronomy 18 enormons
The rules of calculalion are both sound 1n theory epproprate
practice, and yet fully able to give a strong lead to actual observations
It would appear, however that this Siddbanta has for conturies boen
cast 1nto oblivion Since the time of the fiery ordeal of foreign invasions
the study of Physical sciences bad recaived a deadly blow Mathematics
(which includes algebra geometry trigonometry and mensuration) came
to be neglected and the computation of almanacs fell mto inept hands
of third or fourth rate astronomers Although under the Mohomedan
rule hardly any scope was left m India for tho preservation of ancient
culture and much less for original research afow Arabs of Baghdad and
Damascus had devoted themselves in the Ith and 10th centuries to the
study of Sansknt and Grecian culture and among these there was +one
Alberunt wha had stadied Sanskrit and translated some of the ancient
astronomical Siddhantas mnto Arabic His extensive work The Indica *
gives & detailed t of the Brahma Siddhanta of Brahma Gupta and
also of the Brihat Samhuta of Varaha Mihirn  In Indie Bhaskaracharya
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( Shaka 1036) _was the most eminent of the Sanskrit astronomers who
had just preceded the dark ages of foreign rule, and his work stil
stands unsurpassed in theorehical accuracy and practical precision  He
was followed only by about half a dozen astronomers among whom
Keshava and his son Ganesha thellustrious author of the Grahalaghava
were the most distingmished

Bemdes the domination of foreigners, there was another reason why
not only the Surya Siddhanta but also other Siddhantas of & smlar
naturs had long ceased to be studied The mental exhausion brought on
by oppressive regimes had dried up all desire for labour, accuracy
and onginel worh, so that the scientific methods of caleulations which
required s knowledge of {rigonometry and algebraical processes yislded to
other sumrlerdevices which gave results that were only crude or approx:
mate The Siddhantic computations no doubt entail some gigantic multt
plications and divistons troublesome extrachons of roots and torment-
ing changes of quanhities which by tt )\ must have 1m no small
degree contributed to their supersession But thanks to the invention of
logarithms and the formation of mathematical tables the hard labour of
calculation has been reduced to a mimimum o that we may now expect &
revival of the study of astronomy that may be called truly Indian

Even the first perusal of this Siddhants or of a good translation of
1t will suffice to convince the reader that 1t 13 2 work. of great astronomi
cal merit Owmng to the labour-saving devices of the mather®afical
tables the S:ddhanta may now be stutied with advantage and form a
text book of practical astronomey  The rules of calculgtions are simple
enough 1in theory they are based upon spherical trigonometry and in
many ways are precisely smular to modern methods The solutions
are ingenious and the results fairly accurate The data are always fo
bo tested and correctod by actual observations and nothmng s left to
or borrowed from blind superstition or unintelligent dogmes It will be
interesting to noten how meny respects this ancient Siddhanta hes
anticipated modern astronomy which of coursa m cages whera the data
have to be supphed by telescopic obssrvations alone (e g the parallax of
the sun) or by observations which have to be carried on from stahons
geparated by thousands of mules from each other has a natural advan
tage over 1ts ancient prototy pe

The present Surya Siddhanta which has been current 1n India at
least from the 10th century A O appears to bo a revised version of the
old Siddhanta of tho samo name The contents of the old Siddhanta
have been restated in his own words by Varaha Milura who wag very
probably born 1n Shaka 427 (505 A. C) but 1t cannof on that account
be supposed that it was Varaba who hed humself composed that
#iddbanta or that 1t was & production of any of his cantomporaries No
doubt Varaha has stated the contents of it in s own favourite Arya
metre but 1t would be highly erronecus to say or suggest that Varaha
wag the author of 1t Obvicusly because—

{1} The Surya Siddhanta is not the only Siddhanta which Varaha
has raproduced in the Arya metre  Ho I as treated sumilarly all the five
Siddhantas that were well hnown in s times  He has restated the Pita
maha Siddhante snd slso the Vasistha the Pulisha the Romaha and the
Saurs Then why should it not be said that he wrote the other four
Siddhantas slso ?  But it is Impossitle to mske such an assertion for
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that the longitude of the Sun’s apogee 1n the Surya Siddhanta of
Varaha 1s 80°

{7} And last but not the least 18 the question of the polar lonzitudes
of a few of the Nakshatras as they are stated 1n the Saura of Varaha A
oorrect Intorprotation of these longitudes points to the dato when the
observations for the Siddhanta were made This date goes back to the
1st eontury A, C

8o we must conclude that the Surya Siddhanta included 1n the
Pancha Siddhantika was sumply a redaction of the old Siddhanta by
Varaha and not an original production of hug own

There were more than one versions of the old Surya Siddhanta On®
was that which was recast by Varaha, and the other was that quoted
by Utpala ( vide wyz, &3y, gfs. P 179)

The Present Surya Siddhanta

Now we come to the present Surya Biddhanta which seems to be a
revised version of the old It 15 evident that the present Surya
Siddhanta hae replaced the ancient Theearliest known astronomer who
has followed the toxt of the present Surya Siddhanta was Vayitala
Kochanne a Telegu ustronomer who flourished about Shake year 1220
(<1208 A.C ) As tho present Surya Siddhanta has been adopted for
calenlation 1 the far off South, this famous Siddhanta must have
been known throughout Indie at least for about 100-200 before Shakae
220, Utpala (in Shaka year 887) quoted from the Surya Siddhanta srhich
evidently was not the one which 18 now current The original Surya
Siddhanta,the Siddhanta of Aryabhata and the Khanda Khadye of Brahma.
Gupta formed the triad under the aegis of which all the astronomical cal-
culations were carried on till the beginnmg of the 10th contury But a8
time woars away the Siddhantas however accurate therr data might be,
go amiss, b the planstary are tantly undergorng pertu
rbalions which the Siddhantas could not provide for  So there 1s always
& room end a necessity for a now Siddhanta or for a revised edition of
the old to one

8o the present Surya Siddhanta must have been modelled on the old,
for, it 18 clear thatr—

(1) The old Siddhanta as quoted by Utpala was 1n Anustubha
metre, the present Siddhanta also 18 composed in the same metre

(2) The Solar year 18 more accurats and very near to the anoma
hatic year

¢3) In the mean places of the plansis, the corrections suggested by
Varaba have been adopted

(4} Thoprecesion of the eqmnoxes which althongh knownto Vareha,
but which he did not notice in his work has beenaccepted as a principal
faotor 1n tho d of the planctary places

(5) The old Surya Siddhanta ceases to be followed from the 10th
century and the revised version hag ever since then been the gwding
principle of later astronomers
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{6) The longitudes of the fixed stars have been stated in accordance
with the same mode-as that in the old Surya Siddhanta.

(7) These observations indicate the Shaka year 484 (562 A. C. )} as
the date of observation, while as stated above similar observations notic-
ed in the old Siddhanta date back to the beginning of Shaka Era.

I have said that the period of the Solar year adopted in the Sury®
Siddhanta is more accurate than that in the old Surya Siddhanta, becaus®
it approaches the enomalistic year very closely.

The advantage is that the place of the apogee is fixed. This was
the method which was adopted in the Pulisha Siddhanta, It is true as
remarked by Sj. Dixit that the solar year in our Calendar is neither
tropical nor sidereal But all the same it is neither unscientific nor
inaccurate as we have seen, because it 18 anomalisfic; and it is exceed-
ingly creditable to the genius of our ancient Indian astronomers that they
should have arnved at 8 result which if we meks an allowance for the
absenca of islescopes, 18 most precise under the circumstances—the
Siddhantic anomahstic year being 365 d. 6 hrs 12§ m. while according to
the most exact modern caleulations it is 365d. 6h 13m. n differenca only
of nearly one minute!l.

A few words with regard to the accuracy of observations of the
ancients may not bo cut of place; for, it mustelways be borne in mind that
the observations of the ancients wero carried out with the naked eye
alonethaided by any tcloscopes of a superfine construction. Judged by
th's standard & discrepancy, of about 10° minutes of space may bo
regarded =8 nothing, and every astronomer of some experisnce at least
will ungrudingly subscribe to the sagacious remarks of 8}, Dixit. who
observes :—

“With regard to this matter it may bo very easy to find fault with
our ancient astronomical works simply by glancing at the numbers put
down on paper in black and white But no one who has had at least
some exporience of the great difficulty encountered in detecting the
dufference of 1 (second) of space even with a telescope of a very fine
constructstion will never be so unjust. I myself have observed some
planetary conjunctions only with the naked eyo, and from such personal
experience of mme, I would say without hesitation that two planats
which through a good telescope would appear to be about 5 minutes or
300" eeconds apart may be seen when viewed with the unazided eye to
touch each other, {1 ¢ there would appear 1 {o bo no distance at
all between them). The fact that the nncients had to make their
observations without a telescope should be borne in mind before
making any comparison of their data with tho admittedly accurats
results of modern astronomers and weo must mceord to the ancients
the duo moed of praise for such mnute investigations of theirs ™

(¥R S gR. p. 208 )

Let us now take up tho quostion of the authorship of tho present or
rovised Surya Siddhanta  When we havo teen that all of the five anclent
Siddhantas were completely revised and in some cates entirely recast
by subsequent astronomers, we are bound to say that changes in tho
revised versions must relate to matters of data or mothod. Itis well
known that a great astrenomer named Lita tlourished priorto Shaka

20 who had written nn excellont treatise on Iindu astronomy from
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which the elaments wore borrowed by later astronomers who revised
the obsolete works of Pitamaha, Vasishtha and Romasha S; Dixit
surmies that to the same source moy be ascribed the present revised
Surya Siddhanta alzo I have no objection to accept this view, only that
I have to add that the present Surya Siddhanta 18 based on the ald Saurs
and replemshed from the data supphed by Lata who had already written
a commentary on Pulisha The periods of revolutions of aflthe planets
except Jupiter have been corrected only slightly, but such corrections
were suggested by Varaha hmself As the present Surya Siddhanta
based on the old one, has been corrected 1n accordance with the sugges
tions of Lata and of Varaha the first redactor of the Sitddhanta, we must
concede that the present Siddhanta 18 the revised version of the old
Sau-a Siddhanta as preserved by Varaha and Lata

However another fact also should be noted that as pomnted out by
B) Dixii that the place of the suns apogee according to the curront
Surya Siddhanta differs from the mosi accurate data of the moderns
only by 15 , when we have found that a difference even of 300 seconds
cannot be detected by the nehed eyel! We have also to take n note that
the apogoe of the Sun and the equinox recede from each gther at the
rato of 61 5 or to bo more convement at 60 per yoar which 15 exactly
the rate of precession that hes been laid down by our astronomers at
least from the time of Mumpsla or oven sinco the time of Variba
Modern Indian thinkers hay e 1nadveriently been led anto the belief that
the duration of the Siddhantie Solar year was put at 3658 6h ard 128m
through some orror of observation, butit will now bo seen that there was
nothing wrong in it as theyear was anomalistic,

A spaco of about 5° or 6° on cach smde of the echplic conshitutos
what may be called the Zodiscal belt There he within this belt a
nttmbor of asterisms canstollationa, or groups of fixed stars swhich ara
known by the name of Noksoatras or lunar mansions  They ore 27 in
number and thie moon in her arbit passes very close to almost all of
thom some time or other during the year Prior to the division of the
Zodiac Jnto twelve Rasis or signs thisbelt was divided into 27 cqual
portions called tho Nakshatra divisions The first division having been
rechoned from that star-group which happned to be near the sornal
equinox when such divisions were first formulated Before such disk
sions had been made the place of tho sun had to be stated only approxi
mately hy ohierving the asteniam which was anthe omtldlen. @r wary

v Py
near to it at the time of sunnse [ g I A, TF PAITETR L Tagtt]
and tho moon s position twas stated by areference to that Nakshatra
group 1o which the moon had approached very near while she was
moving in her orbit  But as now mothods of calculation woro devised,
the Zodiac had nocessarily to be divided into equal parts which at first
were 27 or 28 in number corresponding to the number of the Nakshatra
groups The imtial boundary of the first Nakahatra division commen
od of course as stated above from the principal Star of that Nakehatra—
group which happened to be near the vernal equinox , and each disision
was counted from W est to East along the ecl ptie,

All the evidenco at preaent available points to the conelusion that
the mode of the hakshatra division was adopten whon the equinox was
nesr the constellation of Robint.  But the initial point of the first dich
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sion wes reckoned from the principal star in the Krithikas because that
constellation was seen to rise in the East precisely at the Eastern pomnt
Thus two birds seem to have been killed with one stone The first pos:i-
tion was secured for Rohint but the division was made to commence
from the prineipal star of the Knittikas which was thus the last pomnt of
the Knittike division but the firet point of the Rohin: division because
the vernal equinox was near Rohum Both the star groups thus occupied
& predominant position and the boundaries of the Nakshatra divisions
were thus fixed once for all although the practice of the counting from
that Nakshatra near which the equinox was situated was invanably
adhered to This may be described as the metnod of the Nakshatra divi
sions as distinguished from the Rashi~divisions The Nakshatra method
prevailed during the Vedic and the Vedanga~period with the only dif
ference that the first Nakshatra division was indicated by the position of
the Wainter solstice mstea ! of the vernal equinox the boundaries of the
Nalshatra divisions already fixed remaming the same as before

The Siddhanta period was the period 1 which the Rashi system
was mntroduced although the Nakshatra system could not bo abandoned,
bacause the calendar had adopted tho lumsolar monthe which ware
named after the lunar constellations or the star groups

In the old Surya Siddhanta which however, belonged to the
Siddbantic period anothar method better suited for recording the obser-
vations of the Nakshatra stars and the planets appears to have been
adopt®®  According to this method the cbervations are recorded with
reference to the vernal equmox alone, while in the current Surya
Siddhanta the same method 1s adopted but the observations are recorded
with reference to the Krittikas 1n consonanes with the time honoured
syatem of the Nakshatra divisions 1n which the Krittikas stood at the
end of the Krittika division and the beginning of Rohim  This system
not only explains the successive positions which the vernal equinox
occupied but rationally connects the Vedanga period with the Pitamaha
and the other Siddhantss of the Siddhanta age

Precession—a famlliar Fact

It ought to be now shown how the Vedinga system of the Nakshatra
m which the Nakshtras divisions were reckoned from the Principal
star 1n the Knittikas can be connected with the Siddhantic mode 1n
so far as reference to the precessron 1s oncerned In this respect 1t can
conclusively be shown that at the time of theVedange Jydtishaii, e B U
1200) or even long before that period the ecliptic was divided mto 27
equal portions of whach the starting point was the prinepal star in the
Knrittika constellation, so that it would neturally stand at the end of the
Krittika and at the beginning of the Rohimi division But the corsidera-
tions upon which this concluston 1s based cannot be set forth here as we
are not discusaing the Vedanga Jystisha, we must consequenily seek
some other line of thought to arrive at the truth

‘When the imtial or the finishing hmit of any Nakahatra divisionis
not suffictently known, we must takeit that =ll or at any rate those stara
thet are prominently visible to the naked eye are included within such
a division, so that (a) the most westerly star would stand near the inji
1al Irm1t and (b) the most easterly one would lie fowards the finishing
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limit When the constellation comprises only a single star we have to
follow yet another mothod with which we aro not concerned here Under
any such provisional but scientific method, out of the five stars which
compnse the Dhamshthi group, Beta Delphim_swould indicate the west
most, and Gamm3 the most castern limit Even tho current Surya

S1ddbanta hase adopted® (afagratar alm ) the most westorn Betd
ag the principal star 1n Dhamshtha, so that the beginmng of Dhanishtha
would be at Beta or still mors correctly to the west of it, but not to the
east Now the longitude of Beta (1n 1937 A C ) 1s about 315°, and at
the time of the Vedanga it was avowedly 270°, for, the winter solstice
18 always 270° to the east of the vernal equimnox,

Hence the quantity of precession from the time of the Vedanga to
the present day s 45%r alittle less than that but not more, and the number
of years elapsed since thenis (715 x 45=) 3217 The date of Vedanga
must be fixed between 1280 and 1200 B C because we have to follow
the provisional mathod of research As Varaha lived mm 500 A C the
precession from 1200 B C to 500 A C would amount appronimately to
24° , and as the limit indicated by years 1s between 1200—1280 B C, we
have to accept 24° as the amount of the precession of the Ayanas from
tho datc of the Vedanga to that of Varaha Itis most gratifying that
precisely this amount of precession has distinctly been observed
and affirmed by Varaha himself At first he has clearly and definitely
asserted the fact of precession  8) Dixit while discussing the precession
of the Ayanas remarked that “Nothing has been stated 1n the Yancha
Siddhantika about precession’ If S Dixit had in lus mind the rate of
precession, he 18 right, but 1f he meant that even the fact of precession
‘was not referred to, his remark 1s an instance of obvious oversight
and nothing else, for in the Pancha Siddhantika itself Varaha has made
& noto of the fact of precession when he says —

SPTE SR A NI P |
Iw-Ta 3 ETER SEE-ATa ggd
“When the sun used to recede (or turn back to the South) from
the middle pownt of {divisional) Ashlesha, the middle of Ashleshi was

rightly the solstitial pont, but now_(1n Shaka’427) the solstitial return
takes place from Punarvesu

In the above quoted verse 1t 19 not stated from what pomnt of Punar-
vasu the sun began to turn to the South  Yet 1t can be ascertained from
a Couple of verses 1 the Brihat Samhita of which the author is Varaha
himself In Chap III, 1, 2 of thet work he says —

PR SEPN . S
PP, gRIIE-Ra W-9feay |
T i, sl e qEmag 11 2
AEA-FA TG FERETT MR |
e fiER wer-alelt SRe 1R
“The Summer Solstice situated 1n the mddle of Ashleshi, and the
‘Winter Solstice in the imtial pownt of (divisional) Dhamishtha-such a

position did really exist in formor times, and hence it 18 mentioned in
the ancient Shastras ™
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“But now summer solstice oceurs in the begmnning of Cancer, and
the othor (i e winter Solstice ) 1n the beginning of Capricorn

* Demial of what I (Variha) have stated would be unreasonable , for,
1t can be verified by actual observation

Wothing 19 left 1n doubt by Variha in the aforesald verses In the
time of Varaha (1 e, 1n 500 A C ) the solstice 11 Punarvasu cowncided
with the beginmng of the sign of Cancer which1s 90° to the east from
the imtial pomt of Moesha, and the divisional part corresponding to 90°
from tho beginming of (divisionzl) As vimis § of Punervasu, 8o
Punarvasutas means at the 4th charana of (divisional) Punarvasu This
would set at rest all unfounded fancies and conjuctures

Another important fact confirmed by Varaha g that even the diva
sional Nakshatras named m serial order from the Kmttikas were the
game fixed or unchanged divisions ag they had been at the time of the
Vedanga 1tself For, had the names of the Nakshatra-divisions under
gone any change to keep accord with the change of position of the
equnox, (the divisional) Punarvasu would, evenin the time of Varaha
also, have been still called Ashleshi  But now we have seon thaf the
Nakshatra divisions also woere as fixed as the stars themselves and
hence alone 1t was possible that every change in the positions of the
equinox and the solstices should have been duly ébserved, noted and
thoroughly comprehended by Variha as a familar fact of procession—
which 1t was the object to explain to the general reader

We have just considered the method by which it could fairly be
proved independently that since the time the winter solstice was in Betd
Dolphin or a degree or two to the west of 1t , {thatissince B O 1280
or 1200 ) the same solstice had recoded about 24° (or a httle less than
that) down to 500 A C the time when Vargha ived This isnotanin
sigmfant circumstance, when we look back to the great period of
3200 years that has since elapsed But a still more fortunats cowncr-
denco 18 that Varaha himself has unequivocally stated the number of
degroes through which the Ayanis { or the solsticea ) had receded since
the Vedanga period Such a statement of Variha himself-—one of the
greatest of astronomers,—was firat brought to light by the late lamented
Prot V B Nalk M A of Fergusson College Poona, and a great astrono-
mer of Mahirishtra He quoted some stanzas from the Pancha

at the Panch Cenloremce held at Poona in 1825 The
full sigmficance of the quotation was not properly attended to at the
time, merely becauso the Conference never reached the stage at which
the stanzas could be fully discussed They have simply remained on
record only for the benefit of those who would care to grasp the r fmph
cations I would therefore take this opportunity of qnoting and attempt
ing to interpret one of them in accordance with its astronomical espect.
The toxt is rather corrupt and I adopt Pandit Sudhikara Dvivedis
emondations wherover necessary

1t fa not requisito that the verses should bo discussed at lenkth
hore in these introductors remarks It would in my opinioa suffice if
counld drase attention ta that verse of Variha in which he ha ststed
dofinitely the precession reached, since tho timo of tho Vedangas to his
owndsy (Le to500 A O) This emountof procession he has etated
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3‘,’ thnn following stanza which immediately follows the verge™
FBMTA " quoted above. Tho stranza under discussion is -

“ PodiaraaR a7 ein-meeR-E: | R esahad e
gr-aiin T Al

In this verso the precession is stated by Varaha to be equel to the
greatest declinntion of the Sun. Varaha bas put the groatest declina-
tion in his time roundly at 24° which eccording to the correct data was
nearly 23° 35" in 500 A. C. This definite montion occurs where Variha
has laid down two rules, one applying to the time of the Vedinga and
the other to his own when the equinox was in the beginping of As'vinl
and the Ayanimshis were nil. When the equinox was at the beginning
of Mesha or As’vini as was the case at the time of Varsha, he has stated
that Vyatipita occurs when tha doclinations of both the sun and the
moon being equal, the sum of their Longitudes is fogether equal to
180*. But-says Variha “At the opoch of the Vedanga when tho
summer solstice was I:l the middle of As’hlesha tho Ayanamshis being
negative ( Praltamaay )] they heve to be subtracted from tho longi-
tudes of both, or added to eix signs; and the amount of these Ayanim-
shis was according to Variba equal to syggmgizn: or the greatest decli-
nation of the sun which was roundly put at 24® by Varaha but which
really was about 23° 35’ (in 500 A. C.) Evidently therefore, the Qqte of
the Vedanga according to Vardha was 1700 years before_ his time (i. e,
B. C. 1200). Consequently tho initial peint of ( divisional ) Dhanishtha
could never be more distant than (270* 4 23 35" =) 293° 35" from the
beginning of Mesha or Ae'vini. The precession from the beginning of
Mesha which concided with equinox in Shaka 450 to the present day
being about 19° 38', the western limit of (divisional) Dhanishthz must
be (293* 35, 19° 38'= ) 313° 13’ from the equinox. The longitude of
Beta Delpheni our provisional limit is at present 315° 20'; we are,
therefore, in a position to declare confidently that the western limit of
( divisional ) Dhanishtha is not less than at least 2° 7° to the west of
Bets Delphini. This initial point of Dhanigshthid also indicates that
thege Nakashatra divisions were started from the principal ster in the
Kritiikas and from no other, °°

— S —
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GL.OSSARY.

The figures refer to the pages of the Book.
Altitude 26, 29, b5T7....... I
mplitude 89, 96....... oy AR ko,
Apse 54.. .. =T
Aphelion 49, 54...... gl=w, &,
A Perihelion P, 53 ... . distsa, .
Ascendant ( on the horizon )....... * EXCEE]
Ascensional difference 64, 65, 66....  @wWE, Ty
Ayanamshas 78, 79..u.u. 23R
Cardinal points 76 msE farg
Civil Day 63, araq g
Circumference of the Earth 16 RS
Declination 26, 29, 44. R ( wadia )
Elongation 45, 51, 53 fibe)
Equation of the Centre 45, 49, 53. HRGE
Equgtion of time 56, 57 Ferar
Prime Horizon 85 (G RRICE]
Equinox 27, 29, gyt@ fﬂ

General Information 20-24, 26-29, 54-55,
69, 72, 92, 103, 104. .
Gravitation and centrifugal force 34. TENFRT T FeIqer w

Horizon 26-29. Talks
Latitude ( of planets ) 29 |
Angle of Inclination ( Mean) 19 AT
Angle of Inclination ( True )61 @

Latitude ( of a place on the Earth ) 17  emia
Longtitude (of a place on the Earth) 17 Taim, Tara, awat

Longtitude of the Sun 83, 96 Wy dia
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